Human body communication method technology can transmit the data signal through human body that is suitable for healthcare and mobile devices. This technology uses the human body channel and therefore is greatly influenced by human body characteristics. Impulse response measurements were performed on 120 adult males to analyze channel characteristics of human body. The average signal loss was −67 to −65 dB depending on the transmission direction. In addition, the correlation between human body channel characteristics and body weight, skeletal muscle mass, body fat mass, total body water and transmission and reception direction signal loss were obtained. Through analysis of channel characteristics of human body medium, channel characteristics suitable for human body communication device are presented.
Introduction
With increasing interest in the individual's physical health condition, technologies related to U-healthcare devices that can prevent chronic diseases such as obesity, diabetes and heart disease as well as exercise management in daily life are being developed [1, 2, 3, 4, 5] . Recently, health care devices capable of measuring heart rate, electrocardiogram, body temperature, and EMG using a wearable sensor network in real time have been developed. These wearable smart devices can transmit various measured bio-signals via wireless communication. In particular, sensor network technology has recently been applied to human body related fields, and is being developed as a machine to machine (M2M) human body sensor network technology in which sensors are disposed around a human body to provide information on the health status of users. U-healthcare devices have been developed that use a patch-type device such as AirBit to measure the exact pulse and heart rate and transmit it to a smart device using a wireless channel such as Bluetooth or Wi-Fi [6, 7, 8, 9, 10] . As these various wearable healthcare sensor devices are developed, various communication methods for optimum data transfer among these devices are being studied.
Wearable wireless communication systems that can be applied to sensor networks are not only radio frequency (RF) communication systems used in wireless communications, but also communication systems that transmit and receive electric signals through human skin [11, 12, 13, 14] . The U-healthcare device is attached or inserted into the human body, so that the human body communication (HBC) method using the human body as a channel is emerging as a communication method suitable for formation of a body area network. HBC technology can provide user-oriented service easily because it does not need a cable between devices and can satisfy portability and convenience, and can make intuitive network configuration such as simple contact [15, 16] . In addition, low power consumption and high data transmission characteristics are applicable to various fields such as wearable devices and medical devices [17, 18] . As security researches on various communication methods [19] are progressed, it can be seen that human communication is advantageous to maintain security by communication between devices in contact with human body [20] . Currently, a service for transmitting data such as photographs and images through network formation between devices and transmitting business card information between mobile devices using HBC technology has been developed [21, 22] . This HBC technology has been standardized as IEEE 802.15.6 [23] . HBC has low power consumption and high data transmission speed, it can be applied to various fields such as wearable devices and medical devices.
In HBC, the human body functions as a channel for data signal transmission. The human body also functions as an antenna. Because HBC is transmitted through the skin and deeper tissues of the human body, it is greatly influenced by various parameters of the human body and the surrounding environment [24, 25, 26] . This is due to the fact that the tissue of the human body has a high dielectric constant in the frequency band used for signal transmission. The wavelength of this frequency band is similar to the physical size of the human body [27] . Because the human body is influenced by various physical characteristics and ground plane, communication performance analysis is needed [28] . In order to apply optimal HBC to wearable devices, it is necessary to analyze the characteristics and parameters of various human channels and analyze the performance of HBC according to human body characteristics.
In this paper, 120 subjects were analyzed for frequency response characteristics in eight parameters including inbody characteristics and data transmission direction, and the correlation of each in-body characteristic was analyzed [29] . Table I shows information on subjects of 120 experimental group. This study proposes optimal body channel conditions for a wearable low frequency HBC device.
Measurement setup
In this paper, a watch and patch type transmitter and receiver are fabricated to analyze the channel for wearable devices attached to various positions of the human body. Fig. 1 shows the transmitter and receiver diagrams for measuring the impulse response characteristics of the con-ductive channel. Because the body channel is a conductive medium but has a high resistance value, the input signal of the receiver must be amplified to receive the impulse signal through the human body. The output signal of the transmitter is output by the oscillator at a period of 1.5 MHz with a pulse width of 11 ns. In the regulator, 3.3 V is output to operate the oscillator. The voltage for operating the short pulse was converted from 3.3 V to 5 V output from the regulator through a DC-DC converter. The receiver amplifies the signal by about 18 dB using an amplifier with a bandwidth of from 1 MHz to 100 MHz to receive the pulse signal through the conductive channel. The patch type module was designed to attach three electrodes in consideration of the device placed in the chest. Watch type module was designed considering smart watch or smart band. Fig. 2(a) shows a patch-type and a watch-type transmitter for measuring the impulse response characteristics of a body channel, and Fig. 2(b) shows a patch-type and a watch-type receiver. The patch-type module was modeled as a module for measuring the energy expenditure in the chest [30] . Fig. 2(c) shows the layout of the patch-type transmitter and receiver modules. There are three electrode connections in the patch-type transceiver module; however, only two signal electrodes and two ground electrodes are used for the actual signal transmission, and one electrode connection is not used. The measurement configuration was set up as a system for measuring the human body signal from the chest and transmitting it to the smart watch worn on the wrist. The body weight, body fat mass, muscle mass, and total body water were measured in 120 males using an in-body meter [29] . The signal loss characteristics of the HBC were analyzed according to the in-body characteristics. Fig. 3(a) shows the in-body measurement setup. Received signal characteristics were measured using Foam electrodes (31118733), an oscilloscope (MSO9104A from Agilent) and an active probe (Agilent's 1131A probe). Fig. 3(b) shows the setup for measuring impulse response on body channel. Received signal of the subjects were measured in standing position and the position and the shape were the same. The patch type transceiver was attached 3 cm from the nipple area of the left chest. The watch type transceiver is worn on the wrist and the distance between the transmitter and the receiver is kept at about 45 cm, and the electrodes are about 2 cm away from the module. In order to form a ground plane similar to the HBC conditions applied to mobile devices, the body channel characteristics were measured by blocking the DC coupling by the measuring device using balun on the measurement probe.
Measurement results

Signal loss characteristics
The pulse width of the output signal of the transmitter for analyzing the reception characteristics of the human body channel is 50 ns. Received signal was amplified 18 dB through the amplifier of the receiver. The magnitude of the received signal was measured at 93 mV and 43 mV according to transmission direction. The average signal loss measured from 120 subjects is −67 dB when transmitted from the chest to the wrist and the standard deviation is 2.35 dB. The average signal loss when transmitting from the wrist to the chest was −65 dB and the standard deviation was 2.65 dB. Fig. 4 shows the signal received through the body channel measuring device according to the transmis-sion direction in the frequency band from 1 MHz to 100 MHz. The signal loss exhibited capacitive coupling characteristics in the low frequency band and resonance occurred at around 40 MHz. According to previous research results, it can be seen that the resonance frequency of the average height of 175 cm is 60-75 MHz [31] . The frequency band over 60 MHz is more flat than other frequency bands, so it is suitable as a frequency band for HBC. In addition, since the change of the signal loss from the low frequency band to the 40 MHz is large, it is not suitable as a frequency band for human body communication.
Correlation characteristics
To analyze the change of signal loss according to the characteristics of the human body, the signal loss was measured in the two directions of transmission from the chest to the wrist and from the wrist to the chest. Correla- tion coefficients were calculated to analyze the correlation of each condition through the signal loss over 40 MHz band. The signal loss characteristics were analyzed in eight parameters including body weight, body fat mass, muscle mass, and total body water, which are in-body characteristics for the experimental group. Fig. 5 shows the correlation coefficient between signal loss and measured human body composition conditions for 120 adult male subjects.
Correlation coefficients were calculated to analyze the correlation of each condition through the signal loss characteristics [32] . The correlation coefficient is represented by a numerical value of 0 < ≦ þ1 and can be classified as follows. Table II shows the correlation coefficients for signal loss due to differences in human body characteristics. The correlation coefficient of human body characteristics with signal loss shows a generally weak linear relationship value of −0.3 for each human body characteristic. In particular, the muscle mass has the least correlation coefficient with respect to the change in signal loss; hence, the muscle mass has the least effect on the signal loss in the human body channel compared to the body fat mass. The total body water of the human body also did not show a relatively large correlation. The low correlation between the time delay characteristic and the total body water is because the body water content does not greatly affect the volume of the human body. These results show that the signal loss increases with increase in body characteristics. Because the volume of the body increases with the increase in body characteristics, the length of the human channel becomes longer.
Conclusion
In HBC technology, it was confirmed that signal transmission characteristics are changed by various parameters due to the nature of human body. When the signal is transmitted from the human chest to the wrist, the human body channel can be confirmed to be most suitable to use the HBC technology over the 60 MHz or more band which shows a characteristic of a small variation of the received signal. The correlations between human body characteristics and signal loss show that the correlation between skeletal muscle and signal loss has a weak linear relationship of less than 0.3, so that it does not affect human body communication more than body weight, body fat mass and total body water characteristics. Therefore, when a wearable device using human body communication is manufactured, it can be confirmed that the device should be manufactured considering the weight and body fat amount rather than the average skeletal muscle amount of the user. Considering such channel characteristics, transmitter and receiver modules are expected to help design wearable HBC devices.
